Abstract: Within a context of scarce water resources for agriculture, rainwater harvesting constitutes a promising alternative that has been studied by different disciplines in recent years. This article analyses the dynamics of global research on rainwater harvesting for agricultural irrigation over the last two decades. To do this, qualitative systematic analysis and quantitative bibliometric analysis have been carried out. The results reveal that this line of research is becoming increasingly important within research on irrigation. Environmental sciences and agricultural and biological sciences are the most relevant subject areas. Agricultural Water Management, Physics and Chemistry of the Earth, and Irrigation and Drainage are the journals that have published the most articles on the subject. India, China, the United States (USA), South Africa, and the Netherlands are the countries that lead this line of research. Although significant progress has been made in this subject area, it is necessary to increase the number of studies on the capacity of rainwater harvesting systems to cover irrigation needs in different farming contexts, the factors that determine their adoption by farmers, the economic and financial feasibility of their implementation, and their contribution to mitigating global climate change.
Introduction
The supply of food is one of the greatest challenges faced by humankind in the 21st century [1] . Agricultural ecosystems are the principal suppliers of food, but they are also the main consumers of water resources on a global level [2, 3] . These ecosystems use between 60-90% of available water, depending on the climate and economic development of the region [4, 5] . The global area dedicated to irrigated crops is estimated at 275 million hectares with an upward growth trend of 1.3% per year [6] . This accounts for just 23% of farmed land; however, 45% of total food production is obtained through these types of crops [7, 8] . It has been estimated that in order to satisfy food demand in 2050, world production must increase by 70% [9] ; this implies an increase in the consumption of water resources on a global level of 53% [10, 11] . More and more regions throughout the world are facing severe water shortages. Water resources are subject to severe degradation due to many factors, such as the consequences of global climate change, rapid population growth, changes in land use, agricultural and urban expansion, the increase in the demand for water from different productive sectors, the inadequate distribution of water resources, regional hydropolitical conditions, the deterioration of the quality of water due to overexploitation, rainwater scarcity, and the high rate of evaporation and aridity resulting from the increase in temperatures [12, 13] . that the amount of water harvested in Jordan is 6 × 10 6 m 3 year −1 . Oweis and Hachum [39] estimated that between 30-50% of rainwater in the driest regions could be used for irrigation if the appropriate harvesting techniques will implemented. Walraevens et al. [52] researched the capacity of rainwater collection systems to recharge overexploited aquifers and their contribution to agriculture sustainability in the Abraha plain, Atsbaha, Ethiopia. Lebel et al. [53] assessed the rainwater collection systems for maize crops in sub-Saharan Africa as an adaptation strategy facing climate change. Amos et al. [54] reviewed the potential of collected rainwater from the roofs for urban agriculture. The work focuses on Australia and Kenya.
The main disadvantages of the different types of harvesting systems are that they depend on limited and uncertain precipitations; the catchment area is more efficient when it is free of vegetation, which may require a large amount of labour input; the systems could be damaged during storms and require regular maintenance; they require wide catchment areas that could be otherwise used for crops, except in the case of steep slopes; the systems only allow for low-density and low-yield crops compared with conventional irrigation systems; and the success of these systems depends on many factors, including climate, economic, sociocultural, or political factors [35, 55, 56] .
The interest in the use of rainwater harvesting and conservation strategies has given rise to a significant increase in the number of studies on this research topic in recent years. However, to the best of our knowledge, there is no existing research that analyses these studies jointly and on a global level. The objective of this article is to study the dynamics of the research on RWHI in agriculture over the last 20 years. To do this, a qualitative systematic analysis and a quantitative bibliometric analysis were carried out. The results of this study are of interest for researchers in this field as they identify the most relevant driving agents, the most prominent lines of research, and the research needs that have yet to be covered.
Methodology
Similar to other review studies related to topics in the area of water for irrigation, the database Scopus was selected to obtain the sample of studies to be analysed [57] [58] [59] . The search parameters used were all of the frequently used terms related to rainwater, agriculture, and irrigation. Their selection was based on previous studies on the same subject [60, 61] . These parameters were used in the search fields of title, keyword, and abstract. The study period selected was 1999 to 2018. The greatest development in this field of study took place during these years. Only documents until 2018 were included so that complete annual periods can be compared. Given that the results of a study are frequently published as conference papers, book chapters, and articles, in order to avoid duplications, only articles were included in the sample [62] . It is worth pointing out that different search queries can give rise to different results. The search for this study was carried out in January 2019. The final sample analysed was composed of 525 articles. In addition, a search of articles on Irrigation was also carried out with the same restrictions in place in order to analyse the relative importance of RWHI within this general theme.
After selecting the sample, the data were downloaded and processed using different tools. First, the data were refined to eliminate duplications, omissions, and errors, and search for incomplete information. The variables analysed were the number of articles, their year of publication, all of the authors of the articles, the institutions and countries of all of the authors, the subject area in which Scopus classifies the studies, the name of the journals in which they have been published, and the keywords. The different tools used for the processing and subsequent analysis of the data were Excel (version 2016, Microsoft, Redmond, DC, USA), SciMAT (v1.1.04, Soft Computing and Intelligent Information Systems research group, University of Granada, Granada, Spain), and VOSviewer (version 1.6.5., Leiden University, Leiden, The Netherlands), which are commonly used for this type of studies [63] . Finally, a keyword analysis was used to extract the principal research trends and needs. Figure 1 shows the methodology followed in this study. Table 1 shows the evolution of the principal variables related to the research on rainwater harvesting irrigation (RWHI) in the period 1999-2018. The number of articles grew from two in 1999 to 57 in 2018. It is noteworthy that almost 50% of the articles in the sample were published in the period between 2014-2018. In order to contextualise this increase in articles on RWHI with the trend followed by the articles published on Irrigation, the annual percentage variation in the number of articles published in both lines of research was calculated, with the first year of the period analysed taken as a base (Figure 2 ). The number of articles on irrigation increased at an average annual rate of 0.82% throughout the period; meanwhile, the articles on RWHI grew by 2.31%. Therefore, it can be established that RWHI as a line of research is gaining relevance within irrigation research.
Results

Evolution of the General Characteristics of Research on Rainwater Harvesting Irrigation (RWHI)
The rest of the variables in Table 1 Table 1 shows the evolution of the principal variables related to the research on rainwater harvesting irrigation (RWHI) in the period 1999-2018. The number of articles grew from two in 1999 to 57 in 2018. It is noteworthy that almost 50% of the articles in the sample were published in the period between 2014-2018. In order to contextualise this increase in articles on RWHI with the trend followed by the articles published on Irrigation, the annual percentage variation in the number of articles published in both lines of research was calculated, with the first year of the period analysed taken as a base (Figure 2 ). The number of articles on irrigation increased at an average annual rate of 0.82% throughout the period; meanwhile, the articles on RWHI grew by 2.31%. Therefore, it can be established that RWHI as a line of research is gaining relevance within irrigation research. 
Results
Evolution of the General Characteristics of Research on Rainwater Harvesting Irrigation (RWHI)
Evolution of RWHI Research by Subject Area
The Scopus database classifies studies based on subject areas. This classification enables the different disciplines involved in RWHI research to be analysed. Figure 3 shows the evolution of the number of studies based on this classification. It should be taken into account that the same study may be classified in more than one category simultaneously. The category that accumulated the highest number of studies was Environmental Sciences, with 59.1% of the total sample. This is followed by 
The Scopus database classifies studies based on subject areas. This classification enables the different disciplines involved in RWHI research to be analysed. Figure 3 shows the evolution of the number of studies based on this classification. It should be taken into account that the same study may be classified in more than one category simultaneously. The category that accumulated the highest number of studies was Environmental Sciences, with 59.1% of the total sample. This is followed by Agricultural and Biological Sciences with 46.9%, Earth and Planetary Sciences with 22.5%, Engineering with 16.6%, Social Sciences with 15.8%, and Energy with 7.4%. Less than 5% of studies in the sample are classified in the rest of the categories. Environmental Sciences and Agricultural and Biological Sciences are the dominant categories throughout the whole period, and these disciplines are the main drivers of the research in this subject area. The low number of studies classified under the categories Economy and Business, Management, and Accounting is noteworthy. This highlights the lack of studies that conduct a cost-benefit analysis or address the profitability or economic feasibility of the implementation of rainwater harvesting systems for agricultural irrigation.
are the dominant categories throughout the whole period, and these disciplines are the main drivers of the research in this subject area. The low number of studies classified under the categories Economy and Business, Management, and Accounting is noteworthy. This highlights the lack of studies that conduct a cost-benefit analysis or address the profitability or economic feasibility of the implementation of rainwater harvesting systems for agricultural irrigation. Table 2 shows the journals that published the most articles on RWHI in the period 1999-2018. This group of journals accumulates more than 30% of the total number of articles in the sample and almost 50% of the total citations obtained by all the studies in the sample. Therefore, these journals constitute the central core of journals that promote RWHI research.
Most Relevant Journals in RWHI Research
The journal with the highest number of articles published on RWHI is Agricultural Water Management, with a total of 43. Furthermore, this journal has the highest H index and the highest total number of citations in the group. Its average number of citations per article is 27.9, and its Scimago Journal Rank (SJR) factor is 1.272. The oldest article on the subject was also published by this journal in 1999. Physics and Chemistry of the Earth holds the second position with a total of 22 articles. This journal also holds the second position in terms of the number of citations per article and H index. Its average number of citations per article is 27.5, and its SJR factor is 0.621. Irrigation and Drainage holds the third position with a total of 17 articles. However, its average number of citations per article and its H index are the lowest. The journal with the highest average number of citations per article is Resources, Conservation, and Recycling with a total of 40.1. Field Crops Research is the journal with the highest SJR factor: 1.474. Water is the most recent newcomer, given that its first article on the subject was published in 2014. Table 2 shows the journals that published the most articles on RWHI in the period 1999-2018. This group of journals accumulates more than 30% of the total number of articles in the sample and almost 50% of the total citations obtained by all the studies in the sample. Therefore, these journals constitute the central core of journals that promote RWHI research.
The journal with the highest number of articles published on RWHI is Agricultural Water Management, with a total of 43. Furthermore, this journal has the highest H index and the highest total number of citations in the group. Its average number of citations per article is 27.9, and its Scimago Journal Rank (SJR) factor is 1.272. The oldest article on the subject was also published by this journal in 1999. Physics and Chemistry of the Earth holds the second position with a total of 22 articles. This journal also holds the second position in terms of the number of citations per article and H index. Its average number of citations per article is 27.5, and its SJR factor is 0.621. Irrigation and Drainage holds the third position with a total of 17 articles. However, its average number of citations per article and its H index are the lowest. The journal with the highest average number of citations per article is Resources, Conservation, and Recycling with a total of 40.1. Field Crops Research is the journal with the highest SJR factor: 1.474. Water is the most recent newcomer, given that its first article on the subject was published in 2014. Table 3 shows the countries that published the most articles on RWHI between 1999-2018. India holds the first position with a total of 112 articles. This is followed by China with 105 articles, the United States (USA) with 55 articles, South Africa with 49 articles, and the Netherlands with 30 articles. The rest of the countries published less than 5% of the total sample analysed. In order to contextualise the relevance of each country, the number of articles per million inhabitants was calculated. Based on this new variable, the country holding the first position is the Netherlands with 1.751 articles, followed by South Africa with 0.864, Australia with 0.705, and Canada with 0.552. With respect to the average number of citations obtained per article, the most noteworthy countries are Australia with 21.7, Canada with 20.1, the Netherlands with 18.9, and Germany with 17.7. The results of the analysis of collaboration networks established between the different countries are shown in Table 4 . The country with the highest percentage of studies carried out through international collaboration is the Netherlands with 93.3%. This is followed by Canada with 85.1% and Australia with 82.3%. The countries with the lowest percentage of international collaboration are India with 20.5%, South Africa with 24.5%, and China with 29.5%. The country with the largest collaboration networks is the United States (USA) with a total of 19. This is followed by the Netherlands, Germany, and the United Kingdom (UK) with 17 each, India with 15, and China with 14. The table also shows the five main collaborators for each of the countries that published the most articles on RWHI. In all cases, the presence of African and Asian countries is noteworthy. These countries are usually the object of priority studies. The average number of citations of the studies carried out through international collaboration is higher than that of the studies carried out without collaboration, in all the countries except for the Netherlands, the UK, and Australia. Figure 4 shows the collaborative relationships established between the different countries. On the resulting map, the size of the circle varies depending on the number of articles of each country; the lines represent the links established between countries, where the thickness depends on the number of collaborations, and the different colours identify the main collaboration groups. Three clusters can be distinguished. The green cluster is led by India, China, and the USA in terms of the number of articles. This cluster includes Canada and the UK and some of their principal partners, such as Egypt, Pakistan, and Saudi Arabia. The blue cluster is led by South Africa. It includes countries such as the Netherlands, Kenya, and Australia as well as Thailand, Sri Lanka, and Sweden. Finally, the red cluster is led by Germany, which has ties with countries such as Spain, Belgium, Italy, Brazil, Tanzania, and Japan. Figure 4 shows the collaborative relationships established between the different countries. On the resulting map, the size of the circle varies depending on the number of articles of each country; the lines represent the links established between countries, where the thickness depends on the number of collaborations, and the different colours identify the main collaboration groups. Three clusters can be distinguished. The green cluster is led by India, China, and the USA in terms of the number of articles. This cluster includes Canada and the UK and some of their principal partners, such as Egypt, Pakistan, and Saudi Arabia. The blue cluster is led by South Africa. It includes countries such as the Netherlands, Kenya, and Australia as well as Thailand, Sri Lanka, and Sweden. Finally, the red cluster is led by Germany, which has ties with countries such as Spain, Belgium, Italy, Brazil, Tanzania, and Japan. A keywords analysis was used to detect the preferences in the research conducted by the countries included in Table 4 (Table 5) . A group of terms that make up a general line, from which the different specific topics are derived, was identified. The research of the group of developed countries is strongly conditioned by the collaborative relationships established for undertaking studies. A keywords analysis was used to detect the preferences in the research conducted by the countries included in Table 4 (Table 5) . A group of terms that make up a general line, from which the different specific topics are derived, was identified. The research of the group of developed countries is strongly conditioned by the collaborative relationships established for undertaking studies. Therefore, most of the studies analyse regions with arid or semiarid climates in countries with emerging or under-developed economies, such as China, India, Brazil or countries in sub-Saharan Africa. The countries with the highest level of concern for food safety and the availability of water for human consumption are India, the United States (USA), Germany, Canada, and Australia. India and Australia face the most serious problems of deteriorating underground water bodies in regions where these types of resources are practically the only sources. Therefore, for these two countries, the management, recharging, and recovery of these water bodies is a priority subject in which RWHI can contribute positively. In developed countries and in China, the development and innovation of systems for harvesting rainwater and highly efficient irrigation systems is remarkable.
Most Relevant Countries in RWHI Research
In the case of India, the combined use of hydrological models and remote sensing can be highlighted. Chemistry is one of the dominant disciplines in the studies produced by this country, particularly in the monitoring of the composition of degraded water (both ground and surface) and the conservation of soils with a high level of salinity due to irrigation with brackish water. Economic analyses are also frequent in Indian studies. China stands out for experimental studies and analyses of different types of irrigation techniques, agricultural practices, and crops. The studies conducted in the USA analyse different aspects related to storm water and the economic and financial issues derived from irrigation projects. In the case of South Africa, priority topics include water-soil interaction processes, such as levels of evaporation and infiltration, and agriculture adaptation and modernisation processes, such as the adoption of machinery. Meanwhile, Germany is the country with the highest number of articles on climate models. The dominant topics of the studies carried out by the UK and Kenya are the different aspects of sustainability. Table 5 . Main keywords for the most active countries in RWHI research.
Country Keywords
India groundwater resources, rice, supplemental irrigation, surface waters, remote sensing, water quality, water storage, economic analysis, hydrological modelling, chemistry, drinking water, soil conservation China water-use efficiency, mulching, soil water, rice, maize, triticum aestivum, efficiency, furrow irrigation, irrigation system, plastic films, water storage, rainwater harvesting system USA potable water, irrigation system, water demand, water planning, water quality, cost-benefit analysis, storm water management, water budget, water storage, water-use efficiency, hydrological modelling, investments South Africa tillage, agricultural machinery, infiltration, water availability, evaporation, precipitation intensity, dry land farming, rainfall run-off modelling, soil water, water-use efficiency, adaptive management Netherlands water availability, irrigation system, groundwater, cost-benefit analysis, maize, water balance, agricultural machinery, economic analysis, rainwater harvesting system, smallholder, soil water, supplemental irrigation Germany food security, drinking water, irrigation system, water use, participatory approach, surface run-off, water demand, water scarcity, agricultural production, biomass, climate models, crop water productivity UK desalination, developing countries, environmental protection, sustainability, water planning, water use, adaptive management, alternative agriculture, alternative water sources, biodiversity, conservation of natural resources, decision making Canada mulching, water use, water-use efficiency, ecology, food security, furrow irrigation, irrigation system, maize, soil conservation, water recycling, water scarcity, biological materials Kenya agricultural production, ecosystems, sustainability, cost-benefit analysis, technology, adaptive management, agricultural land, agro-ecological zone, economic analysis, environmental impact, evaporation, farmers attitude Australia water management, tanks, roofs, controlled study, water budget, groundwater/recharging, reliability, rural area, sustainable development, agricultural management, cost-benefit analysis, drinking water Table 6 shows the 10 institutions that published the most articles on RWHI between 1999-2018. These institutions account for more than 30% of the studies in the sample and six of them are in China. The institution with the highest number of articles is Northwest A&F University with a total of 29. This is followed by the University of the Free State with 27, the Chinese Academy of Sciences with 26, and Lanzhou University with 19. The highest average number of citations per article corresponds to the Chinese Academy of Sciences with 24.5, followed by Lanzhou University with 24.4, and Delft University of Technology of the Netherlands with 24.1.
Most Relevant Institutions in RWHI Research
A very high percentage of the studies carried out by Dutch institutions are based on international collaboration. In fact, 100% of the articles published by Delft University of Technology were done so through international collaboration, as were 90% of the articles published by Delft Institute for Water Education. These institutions are followed by Lanzhou University with 47.4% and Gansu Agricultural University with 46.2%. Less than 40% of the articles published by the rest of the institutions were produced through international collaboration. In all of the institutions, the studies conducted through international collaboration obtained a higher number of citations, except in the case of Northwest A&F University, Lanzhou University, Gansu Agricultural University and Delft Institute for Water Education. 3 Number of articles made through international collaboration divided by the total number of articles; 4 Number of citations obtained by articles made through international collaboration divided by the number of articles; 5 Number of citations obtained by articles not made through international collaboration divided by the number of articles. Table 7 shows the authors with the highest number of articles published on RWHI between 1999-2018. In first place is Leon Daniel Van Rensburg with a total of 15 articles. This author accumulates a total of 85 citations, which came to an average of 5.7 citations per article and an H index of 5. The author has undertaken some field research on aspects related to rainwater collection, such as the rainfall characterization, implications for crops, and the management of hydric resources in the basin. Furthermore, he has carried out a review work on water available to plants regarding water-use efficiency under irrigated and dryland conditions [64] . His investigations take place in South Africa. His most recognized work assesses the effects of tillage on run-off from a bare clayey soil on a semiarid ecotope in the limpopo province of South Africa [65] . In second place is Zhikuan Jia with 13 articles. This researcher has 144 citations, which came to an average of 11.1 citations per article and an H index of 7. These author's works are devoted to agronomics. All the studies were empirical and took place in China. His investigation aimed at analyzing the impacts of rainwater use on the land and on some crop types. His most relevant paper studied the effects of rainfall harvesting and mulching technologies on soil water, temperature, and maize yield in the Loess Plateau region of China [66] . In third place is Malcolm Hensley with 12 articles. This author accumulated a total of 63 citations, which came to an average of 5.3 citations per article and an H index of 5. Hensley worked on run-off processes and the collection on the field. Among his publications, we can only find a review work [64] . His field research has been developed in South Africa and in Ethiopia. His most relevant work assessed the collection of rainwater to broaden agriculture surfaces along the river Basin Modder in South Africa [67] .
Most Relevant Authors in RWHI Research
The researcher with the highest number of accumulated citations is Johan Rockström, with a total of 319. This author also has the highest average number of citations per article with 39.6 and the highest H index of 8. This author's research includes empirical studies in sub-Saharan Africa, mainly in Kenya, Zimbabwe and Tanzania; no review works were included. Rockström, in his most quoted work, defended measures to increase water productivity such as rainwater collection, complementary watering, vapor shift, and treating soils and nutrients [68] . Savenije is the author with the second highest average number of citations per article with 26.6 citations, followed by Xiaolong Ren with 11.7. Johan Rockström, together with Hubert H.G. Savenije, are the most veteran authors of the group, given that they co-authored an article on RWHI published in 2005. Shahzad M. Ali is a newcomer to this line of research, publishing his first article on RWHI in 2016. The research conducted by Savenije studied agriculture in Sub-Saharan Africa. His most relevant article is devoted to an agro-hydrological evaluation of on-farm rainwater storage systems for supplemental irrigation [69] . On the other side, Ren worked on the impact assessment of systems such as microcatchment, ridge, or furrow rainwater harvesting on crops. His most cited publication compares the two latter systems of maize crops [70] . Figure 5 shows a graphic representation of the collaborative relationships established between the different authors participating in the publication of articles on RWHI. The central part of the graph shows the group of authors with at least three publications where a considerable number of clusters represented in different colours can be observed. Due to the large number of authors, the labels with the names of each of them cannot be identified. Therefore, the clusters including the authors in the table have been magnified. Among the group of most prolific authors on RWHI, we can find some sub-groups sharing co-authorship in most articles. In this sense, Van Rensburg (green cluster) shared six articles with Hensley; both come from the University of the Free State. Out of the 13 publications by Jia (blue cluster), in 11 works, Ren was the co-author, Zhang was the co-author of nine, Ali was the co-author of six, and Chen was the co-author of four. In the purple cluster, we find Rockström and Savenije, who shared six articles. cluster) shared six articles with Hensley; both come from the University of the Free State. Out of the 13 publications by Jia (blue cluster), in 11 works, Ren was the co-author, Zhang was the co-author of nine, Ali was the co-author of six, and Chen was the co-author of four. In the purple cluster, we find Rockström and Savenije, who shared six articles. 
Issues to be Analysed in RWHI Research
Based on the analysis of keywords, the most relevant issues in RWHI research were determined. The preferred subject areas include food production for feeding an ever-increasing population; the use of unconventional water resources and their implications on economic, social, and environmental levels; the improvement of efficiency in the use of water resources, which are becoming increasingly scarce and more highly valued; the development of irrigation systems that are capable of improving efficiency and combining the use of different water sources; and the improvement and conservation of natural resources for future generations, particularly underground water bodies, which are the most deteriorated due to overexploitation in arid and semiarid environments, and soil, which is affected by salinisation processes.
Great efforts have been made in the research in these fields as well as for other topics. However, greater knowledge is still needed of different issues related to rainwater harvesting for its use in agriculture. The potential of this type of system for the supply of water for irrigation is absolutely dependent on the characteristics of the area of study: location, climate, orography, type of crop, type of irrigation system, and type of productive system, etc. [13, 14, 33, 35] . On the other hand, the success of the implementation of rainwater harvesting systems largely depends on socioeconomic characteristics such as the tenancy regime of the farms, the harvesting and storage capacity of the system, the productivity of the water, the availability of alternative water sources, the cost-benefit ratio, the types of technology and infrastructures available, the inclination of the farmers to adopt new technologies, administrative support or obstacles, etc. [15, 24, 36, 71, 72] . It should be remembered that the need for rainwater harvesting systems for use in agriculture is derived from the lack of synchrony between the rainy season and the irrigation needs of crops [15, 21, 33, 39, 46] . This is not just the case in arid or semiarid climates. Therefore, there is a need for case studies that evaluate the potential of rainwater harvesting systems to cover the water needs of different crops in different 
Great efforts have been made in the research in these fields as well as for other topics. However, greater knowledge is still needed of different issues related to rainwater harvesting for its use in agriculture. The potential of this type of system for the supply of water for irrigation is absolutely dependent on the characteristics of the area of study: location, climate, orography, type of crop, type of irrigation system, and type of productive system, etc. [13, 14, 33, 35] . On the other hand, the success of the implementation of rainwater harvesting systems largely depends on socioeconomic characteristics such as the tenancy regime of the farms, the harvesting and storage capacity of the system, the productivity of the water, the availability of alternative water sources, the cost-benefit ratio, the types of technology and infrastructures available, the inclination of the farmers to adopt new technologies, administrative support or obstacles, etc. [15, 24, 36, 71, 72] . It should be remembered that the need for rainwater harvesting systems for use in agriculture is derived from the lack of synchrony between the rainy season and the irrigation needs of crops [15, 21, 33, 39, 46] . This is not just the case in arid or semiarid climates. Therefore, there is a need for case studies that evaluate the potential of rainwater harvesting systems to cover the water needs of different crops in different possible contexts. Furthermore, these studies should address the wide range of circumstances that exist in different agricultural regions with water scarcity problems [11, 35, 38, 41] .
One major issue is to analyse the ability of this type of system to cover irrigation needs in regions where the fundamental resource is groundwater [15, 17, [34] [35] [36] . In many regions with arid and semiarid climates, agriculture has developed enormously thanks to the extraction of water from aquifers [21, 37, 45, 73] . The continued overexploitation of these water bodies has given rise to their deterioration, salinisation processes, the intrusion of seawater, pollution by nitrates, etc. [4, 21] . The use of alternative water resources for irrigation could reduce the consumption of these types of water sources and contribute to both environmental and agricultural sustainability [74, 75] . In many regions, particularly in the Near East, the use of water derived from alternative sources, such as the reuse of inadequately treated wastewater, has given rise to soil salinity processes that have placed the continuity of agriculture at great risk [76] . Supplementary irrigation with harvested rainwater can contribute to mitigating the deterioration of soil.
Rainwater storage capacity for future use is a particularly relevant issue [15, 32, 35, 60] . Being able to store water during periods of abundance for moments when there is scarcity is one of the fundamental advantages of this type of system. To do this, the systems need to be able to store as much rainfall as possible at the lowest possible cost for farmers and governments. In some regions, such as the Mediterranean basin, the occurrence of extreme phenomena that give rise to overflowing rivers and the flooding of towns and crop fields is becoming more frequent [19, 20] . The development of infrastructures that are able to channel and store all of this water will also help control its adverse effects. The combination of remote sensing techniques, geographic information systems, and climate forecasting models, together with economic and financial feasibility studies, is necessary to analyse areas that are eligible for the development of large capacity infrastructure projects [6, 59, 77] .
The majority of studies focus on countries with emerging or underdeveloped economies and small-scale, rain-fed subsistence agriculture as the main object of study. Developed countries have expanded super-intensive systems that have a large production capacity throughout the year but consume a large amount of water [4, 26] . Many of these agricultural regions use underground water resources that are currently overexploited, such as the northern Mediterranean basin, California, or Australia [30, 31, 57] . Greenhouse agriculture, which is representative of this type of system, has a huge potential to harvest rainwater with a low level of investment. However, the level of adoption of these systems is very low [26, 31] . Therefore, a greater knowledge is needed of the factors that determine the adoption of RWH systems by farmers and their storage potential and economic and financial feasibility [23, 71, 72, 78] .
Finally, rainwater harvesting systems for irrigation have the potential to help combat climate change. This is because, in regions where there is a scarcity of water for agricultural consumption, systems for the reuse of urban and industrial water and seawater desalination systems are proliferating [28, 50, 51, 61, 79] . These other systems make intensive use of energy for their processes. Harvesting rainwater does not use processes with high energy requirements and can cover part of the irrigation needs that are currently satisfied by desalinated or reused water [26, 33] , with consequent energy saving. Therefore, there is a need for studies that assess the potential of these types of systems to save water derived from energy intensive sources, and therefore their potential to contribute to the fight against global climate change.
Conclusions
The study of rainwater harvesting for agricultural irrigation has become a line of research with increasing relevance within irrigation research. This line of research is partly driven by rainwater harvesting for irrigation having strong potential as a source of supplementary water for the sustainability of agriculture, within a context in which the supply of food is a challenge for today's society. Furthermore, the correct use of this resource will contribute to restoring deteriorated aquatic ecosystems, particularly overexploited aquifers, and mitigating global climate change. On the other hand, rainwater redistribution systems can be used to extend the crop area in regions where water resources are the only limiting factor. However, it is necessary to increase research efforts in order to gain a greater knowledge of the ability of these systems to cover irrigation needs in different farming contexts, the factors that determine their adoption by farmers, the economic and financial feasibility of their implementation and their contribution to mitigating global climate change.
The results of this study will be of interest to researchers studying irrigation, given that rainwater harvesting for agricultural irrigation is becoming an increasingly relevant topic. Furthermore, these results can also be useful for governments and public policy makers when designing programmes and strategies aimed at contributing to the sustainability of agriculture.
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